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SYNCHRONIZATION AND PROCESSING OF 
SECURE INFORMATION VIA OPTICALLY 

TRANSMITTED DATA 

RELATED APPLICATIONS 

The present application is related to the following co 
pending US. patent application ?led on even date herewith 
and incorporated herein by reference in its entirety: Ser. No. 
11/851,086, entitled “COMMUNICATING INFORMA 
TION USING AN EXISTING LIGHT SOURCE OF AN 
ELECTRONIC DEVICE.” 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates generally to electronic 

devices and in particular to data transmission from electronic 
devices. Still more particularly, the present invention relates 
to mechanisms for providing secure, short range Wireless data 
transmission from electronic devices. 

2. Description of the Related Art 
Portable electronic devices, such as mobile (or cellular) 

phones, have become standard equipment used by a groWing 
number of people throughout the World for voice communi 
cation. In addition to providing voice communication, a large 
number of portable electronic devices noW offer data com 
munication and multimedia functions. Due to the extremely 
high penetration rate of these electronic devices, developers 
continue to expand the capabilities of the devices to perform 
other user-desired functions. 
A number of technologies are developed to enable short 

range Wireless data transfer betWeen portable electronic 
devices. One Widely implemented method involves utiliZa 
tion of specialiZed infrared (IR) diodes placed in the portable 
electronic device. These IR diodes are utiliZed to connect (or 
“synch”) tWo devices With each other by aligning the IR ports 
to create an infrared optical data link that is then utiliZed to 
transmit the data. A large number of portable electronic 
devices are noW equipped With duplexed optical (IrDA) com 
munication ports to enable peer-to-peer data communication/ 
exchange. 

Bluetooth provides another Way of Wirelessly exchanging 
information betWeen electronic devices. The protocol oper 
ates in the license-free ISM (Industrial, Scienti?c and Medi 
cal) band at 2.45 GHZ and offers 1 Mbps (mega bits per 
second) Basic Rate and 2-3 Mbps With Enhanced Data Rate. 
Bluetooth has become a popular technology to facilitate Wire 
less control of voice communication using hands free headset 
from a cell phone or a vehicle. 

Another technology offering information transfer from a 
portable electronic device is Near Field Communication 
(NFC). Based on Radio Frequency Identi?cation (RFID) 
technology, the NFC standard offers 212 kbps over a distance 
from 0 to 20 centimeters at the 13.56 MhZ frequency range. 
The short operation range suggests higher level of security for 
Wireless information transfer than other RF Wireless commu 
nications technologies, thus making NFC suitable for appli 
cations such as ticketing, payment and gaming. NFC supports 
a poWer saving passive mode of communication in Which a 
passive or unpoWered tag can be poWered at a distance by a 
reader device. HoWever, possibilities exist for the device to be 
“interrogated” unknoWingly When functioning in the passive 
mode. 
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2 
The above mentioned short range Wireless communication 

technologies all require dedicated RF components or optical 
transceivers, adding area/siZe and cost to the increasingly 
smaller electronic device. 

SUMMARY OF ONE EMBODIMENT 

A method and device enables data communication via 
optical pulses from a light source of an electronic device. A 
data transfer interface is provided to support processing of 
selected data by a processor of the electronic device. The 
electronic device comprises an illumination light source, 
Which is selectively utiliZed for illuminating a component in 
the electronic device and for transmitting data via optical 
pulses. An optical receiver also receives optically transmitted 
data. The transmission and receiving of the data is provided 
on a bidirectional duplex communication link created With a 
second optical receiver and an optical data transmission 
mechanism of a second electronic device. 
The above as Well as additional objectives, features, and 

advantages of the present invention Will become apparent in 
the folloWing detailed Written description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention itself, as Well as a preferred mode of use, 
farther objects, and advantages thereof, Will best be under 
stood by reference to the folloWing detailed description of an 
illustrative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

FIG. 1 is a block diagram illustrating an example electronic 
device, Which includes components for enabling short range 
data communication via illumination light source of a display, 
keypad or fun light, in accordance With embodiments of the 
invention; 

FIG. 2 is a block diagram illustrating an example electronic 
device, Which includes components for enabling short range 
data communication via a self illuminating display, in accor 
dance With one embodiment of the invention; 

FIGS. 3 and 4 provide block diagram representations of 
driver con?gurations by Which modulated optical signals rep 
resenting data (“optically-transmitted data”) may be gener 
ated for transmission by a light source of an electronic device 
in accordance With embodiments of the invention; 

FIGS. 5 and 6 provide block diagram representations of 
tWo alternative driver con?gurations by Which optically 
transmitted data may be generated for transmission, in accor 
dance With embodiments of the invention; 

FIG. 7 is a schematic diagram illustrating transmission and 
reception of optically-transmitted data using illumination 
light sources and optical receivers, respectively, in tWo device 
data communication exchange, in accordance With one 
embodiment of the invention; 

FIG. 8 illustrates a multiple Wavelength implementation by 
Which one or more optically-transmitted data streams are 
concurrently communicated from the light source of an elec 
tronic device to respective optical receivers, at different Wave 
lengths/frequencies, according to one embodiment of the 
invention; 

FIG. 9 provides a series of pictorial images of tWo portable 
electronic devices exchanging/communicating optically 
transmitted data With each other using a light source for data 
transmission and an optical receiver for data reception, in 
accordance With embodiments of the invention; 

FIGS. 10-13 illustrate different methods of communicat 
ing betWeen a ?rst electronic device designed according to the 
invention and a second device that is equipped With at least an 
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optical receiver to enable transmission of speci?c information 
from the ?rst device and the second device, according to 
embodiments of the invention; 

FIGS. 14-15 illustrate the use of a separate optical receiver/ 
transceiver to communicate With a secondary electronic 
device to Which the transceiver is tethered, in accordance With 
embodiments of the invention; and 

FIGS. 16-18 illustrate additional applications of the optical 
data transmission capability of a portable electronic device to 
enable a communication channel for information exchange 
and/ or synchronization With a second electronic device, in 
accordance With embodiments of the invention. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

According to some embodiments, an electronic device 
includes a data processor for generating a data stream for 
communication With an external device. The electronic 
device also includes an illumination light source for illumi 
nating components Within the electronic device and Which 
provides modulated optical signals indicative of the data 
stream (“optically-transmitted data) generated from the data 
processor. A poWer management circuit is operatively con 
nected to the data processor and to the illumination light 
source. The poWer management circuit selectively drives the 
illumination light source With poWer levels optimiZed for 
illuminating the components or With poWer level modulation 
indicative of the data stream generated from the data proces 
sor. The electronic device also includes an optical receiver by 
Which the electronic device receives modulated optical sig 
nals containing a data stream generated from another device. 

Additionally, according to other embodiments, a method 
and device enables data communication via optical pulses 
from a light source of an electronic device. A data transfer 
interface is provided to support processing of selected data by 
a processor of the electronic device. The electronic device 
comprises an illumination light source, Which is selectively 
utiliZed for illuminating a component in the electronic device 
and for transmitting data via optical pulses. An optical 
receiver also receives optically transmitted data. The trans 
mission and receiving of the data is provided on a bidirec 
tional duplex communication link created With a second opti 
cal receiver and an optical data transmission mechanism of a 
second electronic device. 

In one embodiment, the electronic device includes a dis 
play, such as a liquid crystal display (LCD), and a display 
light source (often referred to as a backlight). In a next 
embodiment, the electronic device includes a group of fun 
light LEDs that may be modulated to provide the optically 
transmitted data. In yet another embodiment, the light source 
is a keypad light source, Which illuminates the keypad of the 
electronic device When the keypad light source is utiliZed for 
illumination and Which provides optically-transmitted data 
When the keypad light source is utiliZed for data communica 
tion/transmission. Another embodiment includes the optical 
modulation of light that is transmitted by a self-illuminating 
display of the electronic device. With this embodiment, the 
display is an emissive type and the light source is a part of the 
display rather than being a separate light source. In each 
embodiment, modulation of the light is provided by the poWer 
management circuit, Which is operationally connected to the 
respective light source(s) and to the data processor of the 
electronic device. 

In the folloWing detailed, description of exemplary 
embodiments of the invention, speci?c exemplary embodi 
ments in Which the invention may be practiced are described 
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4 
in su?icient detail to enable those skilled in the art to practice 
the invention, and it is to be understood that other embodi 
ments may be utiliZed and that logical, architectural, pro 
grammatic, mechanical, electrical and other changes may be 
made Without departing from the spirit or scope of the present 
invention. The folloWing detailed description is, therefore, 
not to be taken in a limiting sense, and the scope of the present 
invention is de?ned only by the appended claims. In particu 
lar, although the preferred embodiment is described beloW 
With respect to an electronic device, Which is speci?cally 
illustrated as a mobile phone, it Will be appreciated that the 
present invention can be applied to other devices such as MP3 
players, personal multimedia players, PDAs (Personal Digi 
tal Assistants), and similar portable devices, and application 
of the invention is not limited to mobile phones. 

Also, it is understood that the use of speci?c terminology 
and/or nomenclature are for example only and not meant to 
imply any limitations on the invention. The invention may 
thus be implemented With different nomenclature/terminol 
ogy utiliZed to describe the various parameters/components/ 
devices/utilities, Without limitation. For example, the 
embodiments are generally described from the perspective of 
enabling transmission of a data stream as optically-transmit 
ted data. HoWever, as utiliZed herein, the term “data” (or 
optically-transmitted data) refers to any information that may 
be utiliZed to modulate a light source, such that the modulated 
light source transmits a signal that is representative/ indicative 
of the information When the light signal is de-modulated. Use 
of the term data is thus intended to refer generally to any type 
of electronic information that may be transmitted as optical 
signals. 

Further, Within the description of embodiments of the 
invention, the term modulating (or optically modulating) is 
utiliZed to generally refer to the process of changing one or 
more characteristics of a light source, such that the light 
signals emanating from the light source are representative/ 
indicative of speci?c information provided by the data pro 
cessor. The term may also refer to some form of encoding 
(e.g., optically encoding) or embedding of data Within the 
light, Which is accomplished by changing characteristics of 
(or modulating) the light source. De-modulation then refers to 
the reverse process of removing/ interpreting the data from a 
received light that has been modulated to provide signals 
representing the original data that is optically-transmitted. 

Within the descriptions of the ?gures, similar elements are 
provided similar names and reference numerals as those of 
the previous ?gure(s). Where a later ?gure utiliZes the ele 
ment in a different context or With different functionality, the 
element is provided a different leading numeral representa 
tive of the ?gure number (e.g, lxx for FIG. 1 and 2xx for FIG. 
2). The speci?c numerals assigned to the elements are pro 
vided solely to aid in the description and not meant to imply 
any limitations (structural or functional) on the invention. 

With reference noW to the ?gures, FIGS. 1 and 2 are block 
diagram representations of an example electronic device, 
Which is designed With the functional components (hardWare 
and softWare/?rmWare) required to enable an illumination 
light source to be modulated to provide optical transmission 
of data (or a data stream) from the electronic device, in accor 
dance With embodiments of the invention. Most of the com 
ponents of FIGS. 1 and 2 are similar and thus the ?gures are 
described together. HoWever, separate descriptions are pro 
vided Where the components differ betWeen the tWo illus 
trated devices. As Will become clear in the folloWing descrip 
tion, the primary distinctions in the tWo illustrations is the 
type of light source that is modulated to produce the optically 
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modulated signals representing the data stream provided by 
the respective data processors. 
As illustrated by FIGS. 1 and 2, electronic device 100/200 

comprises processor integrated circuit (IC) 105, Which is 
connected to memory 110. Processor IC 105 may include a 
programmable microprocessor (data processor 106), as Well 
as a digital signal processor (DSP) that controls the commu 
nication and other functions/operations of electronic device 
100/200. These functions/ operations include, but are not lim 
ited to, data processing and signal processing, as initiated 
Within electronic device 100/200. Additionally, the functions/ 
operations of the programmable microprocessor (data pro 
cessor 106) include the generation of a stream of data accord 
ing to a communication protocol and interface and triggering 
a modulation of a light source to generate an optically-trans 
mitted data, representative of the data stream. In one embodi 
ment, the programmable microprocessor (data processor 
106) also performs the functions of processing signals 
received by the optical receiver, Which signals contain opti 
cally-transmitted data generated at another device. To support 
both the data-to-light modulation and light-to-data demodu 
lation functions, processor IC 105 comprises data modulator/ 
demodulator 180. 

Data modulator/demodulator 180 may be a hardWare com 
ponent or a softWare utility that operates along With the 
microprocessor and the poWer management circuit 150 to 
support the optical modulating functions on the provided data 
(or data stream). In one embodiment, data modulator/de 
modulator 180 is operatively coupled to a serial data commu 
nication interface of the data processor 106. Data modulation 
functions may be provided by a separate component from 
data processing functions, but are illustrated as combined 
Within a single component (data modulator/demodulator 
180) for ease of description. Data modulator/demodulator 
180 is also operationally coupled to optical receiver 170 to 
support demodulation functions of optical receiver 170 on 
received light that is modulated to represent optically-trans 
mitted data. It is appreciated that the functionality of data 
modulator/demodulator 180 may be provided as softWare 
code Within one or more of the illustrated components to 
Which data modulator/ demodulator 180 is shoWn operation 
ally connected. The speci?c illustration of the data modula 
tor/ demodulator 180 is thus not meant to imply any structural, 
functional or other limitations on the invention. 

Processor IC 105 is coupled to poWer management circuit 
150, Which controls the allocation of electrical poWer to the 
various components of electronic device 100/200. Processor 
IC 105 receives electrical poWer via poWer management cir 
cuit150,Which couples to a poWer source, such as a battery or 
a charging circuit (not shoWn). PoWer management circuit 
150 also provides electrical poWer to the various light 
sources, described beloW, as Well as other on-board ICs 155. 

Electronic device 100/200 also comprises input devices, of 
Which keypad 120 is illustrated, connected to processor IC 
105. In the illustrative embodiment, keypad 120 is illumi 
nated by keypad light source 125, Which is coupled to poWer 
management circuit 150. Additionally, electronic device 100/ 
200 comprises output devices, Which are each connected to 
processor IC 105 and to poWer management circuit 150. 
Speci?cally, electronic device 100 in FIG. 1 comprises fun 
light 135 and display 140, and display light source 145. Dis 
play 140 may be a transmissive display, or a trans?ective 
display, or a re?ective display. 

In one embodiment, display device 140 comprises a Liquid 
Crystal Display (LCD) having optical shutters that open and 
close speci?c pixels based on received display commands. 
The LCD may display a White screen during data transfer to 
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6 
maximize optical data transmission ef?ciency. LCD may also 
display monochrome patterns such as red, green and blue, 
When similar monochrome lights such as RGB (Red, Green & 
Blue) are provided in the display light source so that multiple 
data channels can be created and utiliZed for concurrent trans 
mission of one or more data streams. In this embodiment, 
each primary color may be assigned to a different data stream, 
or alternatively, the same data stream may be transmitted via 
multiple different color sources at different frequencies and 
Wavelengths. Features of the invention may also apply to a 
CLI (caller line identi?cation) illumination light source, in an 
alternative embodiment. 

Depending on the design of electronic device 100/200, 
keypad light source 125 and/or funlight 135 and/or display 
light source 145 may be one of (a) at least one point light 
source comprising light emitting diodes (LEDs), (b) a planar 
light source comprised of organic light emitting diodes 
(OLEDs), and (c) a planar light conduit optically coupled to 
the one or more point light sources. Other embodiments may 
provide for different display light sources. The light source 
for display 140 or keypad 120 could be illuminating from the 
back or from the front. In back illumination implementation, 
light transmitted from the display/keypad is used to commu 
nicate With an external device. In the front illumination imple 
mentation, light re?ected or diffracted from the display/key 
pad is used to communicate With an external device. In one 
embodiment the same illumination light source illuminates 
both the display and keypad and/or communicates With an 
external device. 

In several of the described embodiments, the light sources 
(125, 135, 145) comprise a plurality of LEDs, Which may be 
individually powered on/off and range in intensity based on 
the amount of poWer applied by poWer management circuit 
150, When the device is in optical data communication mode. 
The plurality of LEDs may also be used to provide optimum 
illumination condition for display, keypad or funlight func 
tions, When the device is not in the optical data communica 
tion mode. The microprocessor Within processor IC 105 gen 
erates control signals that trigger certain responses by poWer 
management circuit 150, such as controlling the amount of 
poWer to apply to the light source (e.g., display light source 
145) and/or Which LEDs Within the light source (145) to 
illuminate. 

With these implementations, the light sources (125, 135, 
145) are utiliZed for both illumination functions and commu 
nication functions. The described embodiments thus expand 
the functionality of a conventional illumination light source 
to serve as part of an optical data communication interface. 
Keypad light source 125, funlight 135, and display light 

source 145 are separate light sources, Which selectively illu 
minate the respective components (keypad 120 and display 
140) When electrical poWer is supplied to the particular light 
source by the poWer management circuit 150. Further, the 
intensity of the illumination by each of the light sources is 
dependent on the amount (or level) of electrical poWer sup 
plied by the poWer management circuit 150. PoWer manage 
ment circuit 15.0 includes sWitching mechanism (described 
beloW), Which enables poWer management circuit 150 to 
selectively drive the illumination light source With (1) poWer 
levels optimiZed for illuminating the particular display (or 
keypad) or (2) poWer level modulation, Which generates opti 
cally modulated light that is indicative or representative of a 
data stream generated from the data processor IC 105. 

Different from electronic device 100 (FIG. 1), electronic 
device 200 (FIG. 2) comprises self illuminating display 245, 
rather than a display (140) and separate display light source 
(145) as provided With electronic device 100 (FIG. 1). Self 
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illuminating display 245 are emissive displays in Which every 
display pixel emits light and can be controlled to turn on and 
off to form desired graphical patterns. Examples of self 
illuminating displays include Organic Light Emitting Diode 
(OLED) display, Nano-emissive display (NED), or plasma 
display. Self illuminating display 245 is connected to poWer 
management circuit 150 via display driver IC 240, Which is a 
part of poWer management circuit 150. PoWer management 
circuit 150 controls the amount of electrical poWer supplied to 
self illuminating display 245 via display driver IC 240, When 
the electrical poWer is supplied, as Well as the length/duration 
of time the electrical poWer is supplied. 
As illustrated, electronic device 100/200 further comprises 

optical receiver 170 by Which electronic device 100/200 
receives light, Which has been modulated to include optically 
transmitted data. Optical receiver 170 is a photo detector, 
Which typically includes a photodiode, ampli?er, demodula 
tor and optics. The optical receiver 170, in conjunction With 
the microprocessor and the data modulator/ demodulator 180, 
enables completion of demodulation functions, including: (1) 
receiving light that includes optically-transmitted data; and 
(2) demodulating the received light to extract the transmitted 
data; and (3) removing noise from optical or electrical 
sources. As described in greater detail beloW, the light that 
includes the optically-transmitted data is received from 
another (external) device, Which may be similarly con?gured 
to electronic device 100/200 and Which together With elec 
tronic device 100/200 establishes an optical communication 
data link. 

The various input and output devices alloW for user inter 
facing With electronic device 100/200. In addition to the 
above components, electronic device 100 may also include 
other components utiliZed to enable standard voice or form of 
data communication from/to electronic device 100/200. 
These other components are depicted With dashed lines, as 
they are not required to complete the functions of the inven 
tion. Among these components is transceiver 171, Which is 
connected to antenna 175 to enable communication of radio 
frequency (RF) signals from and to electronic device 100/ 
200. When electronic device 100/200 is a cellular phone, 
some of the received RF signals may be converted into audio 
Which is outputted via speaker 127 during an ongoing voice 
communication. Further, electronic device 100/200 may be a 
global system for mobile communication (GSM) phone and 
thus includes a Subscriber Identity Module (SIM) card 160, 
Which connects to processor IC 105 via a SIM adapter/port 
(not shoWn). SIM card 160 may be utiliZed as a storage device 
for storing data that is eventually transmitted as optically 
transmitted data using the features of the invention as 
described herein. The data may also be stored Within memory 
110. 

In addition to the above hardWare components, several 
functions of electronic device 100/200 and speci?c features 
of the invention may be as functional code that is stored 
Within memory 110 and executed by the microprocessor (or 
data processor) on processor IC 105. The microprocessor 
executes various functional code/?rmWare (e.g., data modu 
lated light transmissioniDMLTiutility 190) to provide 
processor-level control for initiating/triggering the modula 
tion of the light source With data and transmission/proj ection 
of the modulated light, as described in greater details beloW. 
DMLT utility 190 may include therein code for implementing 
data modulator/demodulator 180, When data modulator/de 
modulator 180 is a softWare construct. Additionally, in one 
embodiment, DMLT utility 190 also provides the folloWing 
functions, among others: (1) displaying Within menu options 
of the electronic device a speci?c option that triggers the 
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8 
activation of the optical modulation features of the electronic 
device 100/200; (2) receiving a user selection of the speci?c 
menu option and responding by signaling the data processor 
to (1) provide the data stream to the data modulator/demodu 
lator 180 and (2) trigger the sWitching mechanism of the 
poWer management circuit 150 to change operational modes 
to a data communication mode; and (3) providing/identifying 
selected data for the generation of optically-transmitted data. 
DMLT utility 190 may also assist in authentication or autho 
riZation process prior to data communication via optical com 
munication link. These functions and others represent the 
method processes of the invention. 
When a user of the electronic device desires to transfer data 

via the illumination light source, the user ?rst activates the 
data transfer function via a softWare or hardWare trigger. In 
one embodiment, activation involves accessing the feature via 
the menu options of the electronic device, Where a function 
for enabling optical modulation of light to enable data trans 
fer is provided as a selectable option Within the menu offer 
ings. In another embodiment, the electronic device is 
designed With an optical data transmit button. Alternatively, 
the electronic device may be provided the softWare function 
ality to set up an optical data transmit button by de?ning an 
existing button to automatically activate that feature When 
depressed. Once the activation is complete, the user selects 
the appropriate data to be transmitted (or the data may be 
pre-selected prior to activation) and brings the visible light 
source (e.g., display screen) of the communication device in 
close vicinity (at a substantially direct line of sight propaga 
tion) of the optical receiver of another device or a dedicated 
optical receiver. Notably, one implementation restricts the 
data transmitting features to only authenticated users of the 
portable electronic device. Thus, a security feature is added to 
the device to prompt the user for prior authentication (e.g., a 
passWord entry) before data is alloWed to be optically trans 
mitted from the portable electronic device. An authentication 
procedure is provided With pre-established authentication 
parameters required to be entered prior to sWitching the 
device to data transmission mode. In one embodiment, 
another security features that is added to the device includes 
requiring the electronic device to receive an authentication 
con?rmation from an external device using the optical data 
link before data is alloWed to be optically transmitted from the 
electronic device. Methods of authentication include the use 
of passcodes and the use of biometric sensing functions, 
among others. 

Those of ordinary skill in the art Will appreciate that the 
hardWare depicted in FIGS. 1/2 may vary depending on 
implementation. Other internal hardWare or peripheral 
devices may be used in addition to or in place of the hardWare 
depicted in FIGS. 1 and 2. Also, the processes of the present 
invention may be applied to any portable/ handheld electronic 
device or data processing system or similar device With a light 
source that may be modulated by a poWer management cir 
cuit. Thus, the depicted example is not meant to imply archi 
tectural limitations With respect to the present invention. 

According to the described embodiments of the invention, 
the poWer management circuit 150 is expected to be able to 
sWitch at relatively high frequencies (e. g., 500 kHZ or 1 
Mbp simegabits per second4data rate) than the frequencies 
commonly used for pulse Width modulation (PWM) of light 
sources to enable the transfer of data ?les betWeen electronic 
devices. Several different driver options are provided to sup 
port/ enable this high frequency sWitching requirement, 
Which is not supported by conventional device con?gura 
tions. These driver options are illustrated by FIGS. 3 through 
6, With FIGS. 3 and 4 depicting embodiments With the light 
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source driver providing the switching frequency, and FIGS. 5 
and 6 depicting embodiments With a separate sWitch mecha 
nism and a connected load. 

FIGS. 3 and 4 illustrate tWo different driver con?gurations 
of a light source, such as the example light sources (125, 135, 
145, 245) of FIGS. 1 and 2, according to embodiments of the 
invention. As depicted, each driver con?guration 300/400 
comprises an interconnection betWeen processor IC 305 and 
respective poWer management ICs 350/450. In both con?gu 
rations, in a speci?c embodiment, processor IC 305 also 
includes universal asynchronous receiver/transmitter 
(UART) 311. In driver con?guration 300 (FIG. 3), a separate 
lighting driver IC 354 is provided, Which is coupled to poWer 
management IC 350 and to light source 345. Separate lighting 
driver 354 includes therein a second UART 313, Which is 
operationally coupled to UART 311 via a data transmission 
(Tx) line. Separate lighting driver 354 controls the applica 
tion of poWer to light source 345. 

In driver con?guration 400 (FIG. 4), lighting driver 454 is 
a component of (or embedded Within) poWer management IC 
450 and controls application of poWer to light source 345. 
Further, second UART 415 is also included Within poWer 
management IC 450. In addition to the above components of 
driver con?gurations (300/400), each driver con?guration 
300/400 also comprises optical receiver 170, Which is 
coupled to UART 311 via a receiving (Rx) signal line. 

The lighting drivers 354 and 454 are designed to be able to 
sWitch the light source betWeen an illumination state/mode 
and a communication state/mode. Switching is activated by 
the data processor triggering the poWer management IC 350/ 
450 to activate the neW communication state. In one embodi 

ment, further enhancements to the driver con?gurations 
enable the sWitching and other poWer control features of the 
invention. 

In one embodiment, a sWitch mechanism is provided 
Within (or associated With) poWer management module 350/ 
450. The sWitch mechanism maybe set in one of tWo states 
(e.g., on state and off state, or a 1 or 0 bit state When repre 
sented by a processor-settable bit). These tWo states may 
represent When the display/keypad 140/120 and light source 
145/125 are being utiliZed in illumination mode and data 
transmission mode, respectively. The microprocessor trig 
gers the sWitch mechanism by sending a signal to poWer 
management IC 350/450, Which signal sets the sWitch mecha 
nism and indicates to light source driver 354/454 a speci?c 
state (or operational mode) in Which the light source 125/145 
of the electronic device is to operate in. In another embodi 
ment, the microprocessor triggers the sWitch mechanism by 
sending a signal to poWer management IC 350/450 and to a 
display driver IC (not depicted), Which signal sets the sWitch 
mechanism and indicates the mode that display mechanism 
(e.g., display 140 and display light source 145) of the elec 
tronic device is to operating in. When in communication 
mode, the display itself assists With enabling the communi 
cation mode by displaying a monochrome screen, other 
graphical patterns, or displaying communication user inter 
face or a communication status report. 

FIGS. 5 and 6 illustrate alternative driver con?gurations 
With a separate sWitch mechanism and load. As shoWn, driver 
con?gurations 500/600 comprises processor IC 305 intercon 
nected to respective poWer management IC 350/450. Proces 
sor ICs 305 include UART 311. Driver con?gurations 500/ 
600 comprise a sWitch mechanism 539/639, Which can be a 
?eld effect transistor (FET), Which is coupled at its output to 
both light source 345 and an additional load 542. In driver 
con?guration 500 (FIG. 5), sWitch 539 is coupled to separate 
lighting driver 354. In driver con?guration 600 (FIG. 6), 
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10 
sWitch 639 is coupled to lighting driver 454, Which is embed 
ded Within (or a component of) poWer management IC 450. In 
both con?gurations, sWitch 539/639 receives sWitching sig 
nals from processor IC 305. 
As With FIG. 3, driver con?guration 500 of FIG. 5 com 

prises a separate lighting driver 354. HoWever, Within driver 
con?guration 500, separate lighting driver 354 is coupled 
betWeen poWer management IC 350 and sWitch 539. Separate 
lighting driver 354 controls the application of poWer from 
poWer management IC 350 to display light source 345 (and 
load 542) via sWitch 539. In driver con?guration 600 of FIG. 
6, lighting driver 454 is provided Within poWer management 
module 450 and (embedded) lighting driver 454 controls 
application of poWer to light source 345 (and load 542) via 
sWitch 639. As With driver con?gurations 300/400 of FIG. 3 
and 4, driver con?gurations 500/600 further comprise optical 
receiver 170, Which is coupled to UART 311 Within respec 
tive processor IC 305. 

During operation, the poWer management circuit 150 
(Which may comprise poWer management IC 350/450, light 
ing driver 354/454, and in one embodiment sWitch 539/639) 
receives a data stream from the data processor (305), sWitches 
the light source 345 to a communication mode, and then 
modulates the light source to convert the data into optically 
modulated signals that are then emitted as optically-transmit 
ted data from the electronic device (e.g., device 100/200 of 
FIGS. 1 and 2). Modulation of the light source may be sup 
ported by data modulator/demodulator 180. As one example, 
When modulating an LED light source With binary data, the 
data modulator/ demodulator 180 signals the poWer manage 
ment module 150 to modulate the individual LEDs, such that 
LED on:1 and LED off:0 or vice versa. In one embodiment, 
one or more of the light source(s) is modulated at a predeter 
mined frequency (e.g., 212 KHZ) to generate light signals 
representing optically-transmitted data that is emitted/trans 
mitted from the electronic device (100/200). 

During the data transmission mode, the poWer manage 
ment circuit 150 sWitches the lighting mode of the light 
source 345 from the illumination mode, Which has ?rst illu 
minating characteristics, to a data transmitting mode, Which 
has second illuminating characteristics. The second illumina 
tion characteristics support modulation of the light source 
345 and enables generation and transfer of the optically 
transmitted data. In one embodiment, the second illumination 
characteristics includes, but is not limited to, one or more of: 
(a) increased poWer to speci?c individual components (e.g., 
LEDs) of the light source 345; (b) changing a color of light 
provided by the light source 345 to a pre-selected color that 
supports a desired transmission frequency; and (c) directing 
projected light at an angle that is a pre-determined number of 
degrees relative to a surface layer of the display device to 
enable maximum transmission of the optically-transmitted 
data in a pre-determined direction. 

Turning noW to FIG. 7, Which provides a schematic dia 
gram illustrating the exchange of optical data communication 
betWeen tWo devices (device A and device B) using the illu 
mination light sources and optical receivers to transmit and 
receive optically-transmitted data (generated by modulating 
the light source). Device A processor 705 provides the data to 
modulate the light source 740 during data transmission (Tx). 
The modulated light emanates/travels from light source 740 
of device A, and the light is detected/received by optical 
receiver 770 of the second device (Device B) during reception 
(Rx). The received modulated light is “demodulated” (i.e., the 
data is extracted), and the demodulated (extracted) data is 
then forWarded to the Device B processor 706, as received 
data. Data transmission from Device B to DeviceA occurs via 


















